Negative selection occurred when V-irradiated lymphoid cells of rat strain PVG were injected intravenously into strain Fischer rats, which differ from PVG rats at the major histocompatibility complex. By 48 hr after injection, thoracic duct lymphocrtes (TDL) from these animals failed to proliferate or generate cytotoxic T lymphocytes (CTL) in vitro in response to -irradiated PVG lymphoid cells. Responses to cells of a third rat strain were unaffected. By about 6 days after antigen injection, positive selection had occurred, as shown by enhanced responses to irradiated rPVG cells in the same assays. Ultraviolet-irradiated strain PVG populations were tested in the same way. They differed from -irradiated PVG cells in that they failed to induce proliferation or stimulate CTL in vitro. TDL from Fischer rats injected with UV-irradiated PVG cells failed to proliferate or generate CTL in response to -irradiated PVG cells in vitro. The CTL response of TDL from rats injected with UV-irradiated cells was restored by the addition of supernatant factor(s) from concanavalin A-stimulated lymphoid cells (ConA SnF). Therefore, CTL precursors did not undergo negative selection after injection of UV-treated cells. There was also no detectable positive selection 6 days after injection of UV-treatMd cells. These experiments show that it is possible to separate two populations of T cells in vivo by the injection of UV-irradiated allogeneic lymphoid cells. One population incorporates [3Hjthymidine early in an allogeneic response in vitro, the other expresses cytotoxic activity only after the addition of ConA SnF in vitro. The first population can replace the requirement for ConA SnF by the CTL population.
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Lymphocytes recirculate from blood to lymph and back (1) . When recirculating lymphocytes confront antigen for which they are specific, they become sequestered at the sites where antigen is deposited, predominantly the primary lymphoid tissue. Thus, the central lymph becomes specifically depleted of antigen-reactive cells (2, 3) during what has been termed the period of negative selection. The sequestered cells then divide and their progeny are released into the circulating pool in expanded numbers during the period of positive selection (4) .
The mechanism of negative selection is not yet understood. The simplest interpretation is that lymphocytes are removed from the recirculating pool as a consequence of binding antigen. Alternatively, the enrichment observed in the period ofpositive selection suggests that activation has occurred and may be a requirement for negative selection. This is consistent with the observation that activated lymphocytes recirculate poorly, if at all (3), and apparently lose the MEL-14 receptor that is involved in binding postcapillary venules (5) , a prerequisite for leaving the blood.
Activation of thymus-derived T lymphocytes in vitro requires two signals (6) (7) (8) (9) . Recognition of antigen is signal 1. Signal 2 is interleukin, provided through an interaction with a class of antigen-presenting cells generally described as macrophage-like and y-radiation resistant. One of us (D.B.) has provided evidence that negative selection of cytotoxic T-lymphocyte precursors (CTL-p) is a two-signal process (10) . Antigen-bearing populations that failed to stimulate purified T cells in vitro also failed to induce negative selection of CTL-p in vivo. Activation in vitro and negative selection in vivo occurred when supernatants from concanavalin Aactivated lymphoid cells (ConA SnF) were added to the cultures or perfused into the animal during the selection period. Presumably the ConASnF provided the second signal for T-cell activation missing in the stimulating population. A prediction from these experiments was that stimulator cells that failed to activate CTL-p in vitro would not cause negative selection of CTL-p in vivo. In the present study, this was tested further. The results showed that UV-irradiated or heat-treated populations (both of which failed to stimulate in vitro) nevertheless caused negative selection as determined by [3H]thymidine incorporation but not in a CTL assay. These results are discussed as they relate to the way in which T cells interact in the generation of CTL in vivo. was supplemented (5% final volume) with Sephadex G-100 column-purified supernatant factor from concanavalin Astimulated rat lymphoid cells (ConA SnF) (12) . 51Cr Release Assay. TDL cultured as described above were harvested after 6 days (unless otherwise indicated), washed, and seeded in triplicate in a final volume of 0.1 ml in microtiter plates with V-bottom wells. To each well were added 5 x 103 51Cr-labeled target cells [generated by culturing lymph node cells for 2-3 days in Iscove's medium plus concanavalin A (5 ,ug/ml) and labeled with 51Cr as described (10) (Fig. 1) . This we term negative selection.
MATERIALS AND METHODS
In (Fig. 2) .
Negative selection occurred in the TDL from Fischer rats injected with UV-irradiated PVG cells (FiPVGuv rats). Both [3H]thymidine incorporation (Fig. 3) and the generation of CTL responses were eliminated. However, cytotoxic responses were restored by adding ConA SnF to cultures containing TDL from FiPVGuv rats (Fig. 4) Negative selection with UV-irradiated cells. The experiment was performed as described in the legend to Fig. 1, with Table 1 .
The failure of UV-treated populations to induce positive selection in vivo is perhaps not surprising considering their failure to induce proliferation in vitro. It is not likely that this failure is due in either case to lack of antigen, because amounts of UV-treated antigens 10-fold greater than the effective dose of y-irradiated antigen have failed to induce a response (unpublished observation).
The observed negative selection by UV-treated populations is more difficult to understand. One interpretation is that the negative selection of T cells proliferating early in an allogeneic response is the result of binding to the antigen present on UV-treated cells, without subsequent activation. However, this interpretation fails to explain why the CTL-p are also not negatively selected. As the vast majority of CTL-p are specific for class I major histocompatibility antigens (13) it seems unlikely that T cells specific for class I antigens cannot bind to UV-treated allogeneic cells as well as T cells specific for class II antigens. Another problem with this model is the existence of class I-specific helper T cells (14, 15) . These cells can proliferate in response to stimulator cells differing only at the class I region, and their response is (16) . However, to explain the absence of positive selection, it must be assumed that this second signal is insufficient to induce proliferation leading to interleukin 2 release. Since the second population of CTL-p seem to require interleukin 2, failure of the first population to proliferate (and presumably produce interleukin 2) could explain why UV-irradiated alloantigen does not induce negative selection of CTL-p. This leads to the prediction that the TDL from rats injected with UV-irradiated antigen contain CTL-p that require interleukin 2 instead of interleukin 1 as the second signal for activation.
